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Introduction. There is a serious worldwide protein
deficiency problem, so it is the obligation to know about
edible species and their biochemical composition. Sea
cucumbers have great value because of its high protein
content. The study comprises monthly data on biochemical
content of H. tubulosa.

Materials and methods. Monthly variations in
biochemical composition of sea cucumbers and
environmental interrelationship were investigated from April
2013 to March 2014, from three stations (Gelibolu, Umurbey
and Dardanos) in Dardanelles Strait, Turkey.

Results and discussion. Temperature pattern was similar
at the stations while salinity and organic matter values at
Dardanos was different than others stations. Protein was
maximum (52.48%) in March at Gelibolu; in May (52.81%)
at Umurbey and (56.93%) at Dardanos; lipid was maximum
(1.70%) in February at Gelibolu; in March (1.77%) at
Umurbey and in September (1.42%) at Dardanos; ash was
maximum (43.51%) in November at Gelibolu; in September
(44.22%) at Umurbey and in December (44.98%) at
Dardanos. Carbohydrate reserves were reduced due to being
used as energy for lipid synthesis in September and also
carbohydrate and lipid reserves could be used as an energy
source during periods of lower available nutrition for basic
metabolic function. Protein, lipid, carbohydrate, ash and
moisture values varied depending on food supply and
reproduction period and might have been indirectly affected
by environmental conditions.

Conclusions. The study clearly showed that protein, lipid,
carbohydrate and ash values varied depending on food
supply and reproduction period and might have been
indirectly affected by environmental conditions.
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Introduction

The world's population is growing rapidly that means more people, more water and
more food will be needed. Therefore, it is the obligation to know about edible species and
their biochemical composition. Aegean Sea, Mediterranean Sea and Marmara Sea are home
formany commercial sea cucumber species; Holothuria tubulosa, H. sanctori, H. polii, H.
mammata, Stichopus regalis and S. japonicus species distributed along Turkish waters, are
all exported as frozen, dried and salted, mainly Asian countries [1]. The overall trend in the
export of sea cucumber is a continuous increase; total exportation amount carried out in
2014-2015 years was 154.203 kg, and it contributed 3.225.393 € to economy of the country
[2, 3]. The demonstrated economic value of sea cucumber enterprises in Turkey reflects the
potential value to coastal areas. However, harvests of natural stocks by commercial
fisherman could lead to rapid over-exploitation of sea cucumber. The species could
potentially be developed into a new viable crop for future aquaculture [4]. In the light of
these information, the current trade opportunity in sea cucumber highlight need for
developing aquaculture facility. Before starting an aquaculture production of any species,
one of the primary factors that what is the relationship between biochemical content and
environmental factors. Sea cucumber is susceptible to changes of several environmental
factors, e.g., UV exposure and elevated temperature. Under the extreme stress, it will vomit
intestine and easily be subjected to autolysis, consequently causing heavy economic losses
[5]. Holothurians, from a nutritional point of view, is a healthy diet with high nutritional
value, as it contains high protein and low lipid rate. The major edible part of sea cucumber
is body wall, in which protein is the main nutrient component [5]. Proteins, lipids and
minerals which are related to the physiological and nutritional value [6, 7, 8]. Proteins play
an important role in most biological processes and lipids serve as energy reserves [9].

Increase of the commercial value of sea cucumber necessitated more detailed
investigation and emphasized the need to develop aquaculture studies. Biochemical
composition as one of the most important of all subjects varies in accordance with
geographical region of the species [10]. Only a few studies on sea cucumber in Turkey [11,
12, 13, 14]. The significance of the present study is that it comprises monthly data on
biochemical content of H. tubulosa and its relationship with environmental factor at three
stations in Marmara Sea, Turkey.

Material and methods

The study was carried out between April 2013 — March 2014 at the three stations in
Dardanelles Strait. The sampling stations were Gelibolu, 40.367778° N, 26.6325° E is close
to the Marmara Sea (S1); Umurbey, 40.2525° N, 26.548056° E is in the central region of
the Dardanelles Straits (S2); Dardanos 40.073333° N, 26.352778° E is near the Aegean Sea
(S3), respectively. Sea cucumbers were monthly taken as 15-20 samples (total 240
specimens) from depths of 0-5m by divers. Sampling could not be performed in December
2013 since no individual was present at the Station 1 and 2.

Temperature and salinity of the sea water were measured from water surface with
WTW Multi 3420 Model hand-held portative multiparameter device. The sediments
sampled from the all stations and burned for determination of organic matter in sediment
(OM) according to Buchanan [15]. Sea cucumber samples taken from the sea were placed
in ice boxes and transferred to laboratory for analyses. After the removal of coelom fluid of
the samples, intestinal organs and gonads were removed. Tissues were dried before
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biochemical analyses, and the dry meat samples were kept in a deep-freezer for
biochemical analyses. Biochemical composition analyses were performed solely in body
wall tissue as dry weight.

The biochemical composition of the tissue was expressed as percentage of protein,
lipid, ash, carbohydrate and moisture on the H. tubulosa. Moisture amount was measured
with oven drying method [2] and ash determination AOAC method [16]. Protein was
determined by using Kjeldahl method [17]. A conversion factor of 6.25 was used to convert
nitrogen to crude protein for all varieties of sea cucumber. Total lipids of H. tubulosa
species were extracted according to the Folch et al., [18]. The following formula was used
for determining carbohydrate content:

Carbohydrate (%) = 100-[lipid (%) + protein (%) + ash (%)].

At the end of the study, all percentage of the data was transformed by arc-sin
transformation [19] prior to the ANOVA and reversed afterwards. The variations were
analysed using the one-way ANOVA followed by Tukey tests for mean comparison.
Correlation matrix was used to determine the relationships between the environmental
factors and biochemical parameters at the significance levels. Statistical analyses were
carried out using Microsoft Excel and the software program MINITAB 13A (Minitab Inc.,
State College, PA, USA).

Results and discussion

Figure 1 displays monthly temperature, salinity and OM at three stations while the
maximum, minimum and mean temperature, salinity and OM were shown Table 1.

Table 1
Maximum, minimum and mean temperature, salinity and OM values at S1, S2 and S3

Temperature, °C Salinity, %o OM, %
8.70 22.4 1.84
Min. (January) (June and July) (March)
n 25.10 26.40 8.81
Max. (June) (February) (April)
Mean 17.63+1.85 24.10+0.43 3.62+0.74
9.40 22.7 2.16
Min. (January) (June and July) (February)
A 25.10 27.20 6.96
Max. (August) (December) (June)
Mean 17.73£1.76 24.68+0.51 4.31£0.51
10.40 26.10 2.88
Min. (January) (September) (May)
7 24.00 32.30 9.79
Max. (September) (November) (August)
Mean 17.92+1.38 30.33+0.49 6.24+0.67
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Monthly percentages of protein, lipid, carbohydrate, moisture and ash content for all
stations are presented in Figure 2 while the maximum, minimum and mean values are
shown Table 2 at three stations.

Table 2

Maximum, minimum and mean protein, lipid, carbohydrate, moisture and ash values
at S1, S2 and S3

Protein (%) | Lipid (%) | Carbohydrate (%) | Moisture (%) | Ash (%)
30.38+1.41 | 0.57+0.13 8.37 82.2443.92 | 36.40+1.02

Min. | (November) (May) (July) (March) (February)
n 52.48+1.60 | 1.70+0.45 27.19 88.93+0.19 | 43.51+0.42
Max. | (February) | (February) (August) (September) | (November)
Mean | 42.3542.17 | 1.07+0.10 16.53+2.05 85.55+0.61 | 40.05+0.63
30.26+0.23 | 0.50+0.04 6.79 84.04+0.58 | 31.75+0.77

Min. | (November) (July) (May) (January) (February)
% 52.81+0.80 | 1.77+0.42 28.48 85.81+£0.22 | 44.22+0.80
Max. (May) (March) (November) (November) | (September)
Mean | 44.864+2.38 | 0.97+0.09 15.42+2.17 85.04+0.17 | 38.75+1.26
31.70+0.38 | 0.76+0.08 4.2 83.98+0.08 | 32.06+0.96

Min. | (November) (April) (May) (January) (October)
% 56.93+2.89 | 1.42+0.12 31.65 88.09+0.29 | 44.98+0.73
Max. (May) (September) (October) (August) (December)
Mean | 45.60+2.28 | 1.02+0.07 15.1942.33 86.09+0.37 | 38.19+1.22

The correlation analyses were made for all station. The results showed that salinity was
negatively correlated with ash (r=-0.612, p<0.05) for S1. In addition, salinity was
negatively correlated ash (r=-0.727, p<0.01) and OM (r=-0.621, p<0.05) and also
temperature was positively correlated with ash (r=0.690, p<0.01) for S2. Temperature was
negatively correlated with moisture (r=-0.654, p<0.021) for S3. It was found that seasonal
pattern in environmental factors and biochemical parameters. All parameters at three
stations showed insignificant difference (p>0.05) except OM and salinity in Dardanos was
significantly difference (p<0.01).

Environmental variables affect the feeding biology and reproduction and therefore

biochemical variation of marine organisms. Several researchers determined the biochemical
values of sea cucumber in different seas of Turkey and of the world (Table 3).
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Table 3
Biochemical composition of sea cucumbers sampled in Turkish waters and in other regions

Species Moisture Protein Lipid Ash
H. tubulosa [12] 86.74+0.74 8.18+0.04 0.16+0.07 -
H. tubulosa [11] 84.30+0.2 8.82+0.3 0.18+0.05 5.13+£0.6
H. tubulosa [4] -- 44.58+1.01 0.71£0.12 | 46.4340.51
H. polii [29] -- 36.99+0.62 0.55+0.12 | 48.22+1.09
H. parva [10] 67.92+3.81 17.61+0.95 2.43+0.53 32.74+1.17
H. arenicola [10] 69.49+3.09 24.37+1.93 2.88+0.47 10.86+0.40
H. sacbra [28] 87.03 9.94 0.54 1.86
C. frondosa [36] 87.4+0.30 8.34+0.50 0.5040.06 2.97+0.09
H. fuscogilva [35] 11.6 £0.28 57.8+£0.41 0.3+0.01 26.4+0.31
H. fuscopunctata [35] 7.0+£0.14 50.1+£0.38 0.3+£0.01 | 39.6+0.24
P. californicus [26] 4.03+0.19 47.03+0.53 8.19+0.27 | 25.73+0.25
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In the present study, temperature pattern was similar between stations, salinity and OM
values at Dardanos was different than other stations. The higher salinity values at S3 station
were caused by the Mediterranean-derived salty water that enters the strait from Aegean
Sea as an undercurrent and the influence of surface seawater of Marmara Sea [20, 21]. In
addition, the highest mean OM value was observed at Dardanos (p<0.05) which was
affected by accumulation of organic substance depending on excessive different pollution
sources (such as industry and agriculture), human being activity, and heavy ship traffic [22,
23]. In the present study, biochemical pattern was not significantly different among stations
(p>0.05) and generally affected by temperature, feeding rate and reproduction. Ash
negatively correlated to salinity at S1 and S2. The reason of this result might be explained
that salinity fluctuation was interrelated with seasonal temperature that temperature affects
many biological functions of individuals (survival, feeding rate, hibernation, aestivation,
gonadal development, ext.) and biological cycle of the sea (phytoplankton availability,
organic matter in sediment, detritus ext.) [23, 24, 25]. Our study demonstrated the
relationship among biochemical pattern and feeding rate of H. tubulosa and environmental
factors. The chemical composition varied seasonally and was influenced by gonadal
development. Many authors reported same results that nutritional value of sea cucumber
can vary depending on the feeding behavior and seasonal variations [8, 11]. The present
experiment described parallel results with various workers that ash value was high due to
calcareous spicule structure embedded in muscle tissue of the living. Skeletal spicules used
in species determination of H. tubulosa are present as distributed in muscle tissue of the
living [26, 27, 28, 29]. In addition, ash content of organism is influenced by feeding and
depends to the food components, strongly on the origin of the inorganic matter [30, 31].
The feeding rate might be reduced when temperature decreases below 12 °C in all station
and have caused the drop of metabolic rate. The drop of metabolic rate can be attributed to
a drop of the feeding at hibernation time in H. tubulosa which might be entered the
prophase of hibernation. Many authors declared similar results for holothurians that
metabolic rate is directly affected by feeding during hibernation [13, 32, 33]. However, the
data showed that ash pattern of H. tubulosa at S3 was different from S1 and S2 because of
high organic matter content. This may be reason that the predominant bottom structure
consists of fine sand and mud that particle size fractions smaller than 63 pum (silt-clay) at S3
[20] (data is from same project but at different viewpoints).

Dereli et al. [34] found that gonadal development of H. tubulosa started in May, picked
in July and spawn occurred in August in Dardanelles Strait. Carbohydrate started to
increase with temperature increment that could be explained by starting feeding activity in
March and continued to rise independently of gonad formation until September. This result
displayed that glycogen reserves were not used during gametogenic processes.
Carbohydrate was negatively correlated with protein in all stations (p<0.01). Celik et al. [9]
found parallel results. Protein reserves started to decrease from May and varied until
November when minimum value was obtained. This fluctuation might occur by variation of
food availability and reproduction activity. In general, lipid value was minimum in July
when was signed spawning time for H. tubulosa by Dereli et al. [34]. Carbohydrate reserves
were reduced due to being used as energy for lipid synthesis in September. Carbohydrate
and lipid value were generally low (inversely protein content in winter months) [9].

It could be reason that carbohydrate and lipid reserves could be used as an energy
source during periods of lower available nutrition for basic metabolic function. This study
generally demonstrated that protein, lipid, carbohydrate, ash and moisture values varied
depending on food supply and reproduction period and might have been indirectly affected
by environmental conditions.
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Conclusion

The biochemical content of H. tubulosa was mainly affected by food and gonadal

development. Protein is the major energy source used for gonad formation while their
carbohydrate energy reserves could be affected by this metabolic energy requirement at all
stations. These results indicate that protein and carbohydrate reserves were not used for the
same purpose.
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